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(54) Air conditioning apparatus for vehicle and its control method 



(57) A vehicle air conditioning apparatus includes a 
refrigerant circuit (30). The air conditioning apparatus is 
driven by an engine (101). The air conditioning appara- 
tus includes a variable displacement compressor (1 04). 
An external information detector (65, 66, 67, 68, 69) de- 
tects external information used for the air conditioning. 
An E/G-ECU (63) controls the output of the power 
source. An A/C-ECU (61 ) is connected to the E/G-ECU 



Fig.1 



(63) via a communication line (64). The A/C-ECU (61) 
computes a target value of the displacement of the com- 
pressor based on the external Information. The A/ 
C-ECU (61) sends the computed target value to the EI 
G-ECU (63). The E/G-ECU (63) controls the displace- 
ment of the compressor based on the computed target 
value. This is capable of rapidly changing the discharge 
displacement in accordance with the driving condition 
of the engine (101). 



4v 22 .30 




Fuel 

78^ 1 Injector 



Printed by Jouve, 75001 PARIS (FR) 




EP 1 179 



Description 

BACKGROUND OF THE INVENTION 

[0001 ] The present invention relates to a vehicular air 5 
conditioning system for air conditioning the passenger 
compartment of the vehicle. 

[0002] Generally, a vehicular air conditioning system 
includes a controller such as a computer. The controller 
controls the discharge displacement of a compressor io 
based on external information such as the temperature 
in the passenger compartment, a set target tempera- 
ture, and so on. 

[0003] The compressor is generally driven by an in- 
ternal combustion engine of the vehicle. The air condi- 15 
tioning system must be controlled in accordance with 
the driving conditions of the internal combustion engine. 
For this reason, the controller for the engine may some- 
times serve as the aforementioned controller for the air 
conditioner. However, when the controller for the inter- 20 
nal combustion engine and the controller for the air con- 
ditioning are combined, the controller is burdened with 
the extra duty of handling the information for controlling 
the air conditioning system. As a result, the controller 
experiences difficulties in the control of the internal com- 25 
bustion engine. For avoiding this problem, a separate 
controller is provided exclusively for controlling an air 
conditioning system. The controller for controlling the in- 
ternal combustion engine is connected to the controller 
for controlling the air conditioning system through a 30 
communication line. 

[0004] The compressor is one of the auxiliary ma- 
chines that consumes the most power, and is a large 
load for the internal combustion engine. For this reason, 
when the power of the internal combustion engine must 35 
be maximally allocated for running the vehicle, such as 
when the vehicle is accelerated, the discharge displace- 
ment is minimized for reducing the load on the internal 
combustion engine. Such control is hereinafter referred 
to as the "displacement limit control". 40 
[0005] When the controllerforthe internal combustion 
engine communicates with the controllerforthe air con- 
ditioning to minimize the discharge displacement after 
determining that the displacement limit control is re- 
quired, a delay occurs due to the communication speed 45 
between the controllers. During this delay, the load on 
the internal combustion engine by driving the compres- 
sor is not reduced. In other words, the vehicle experi- 
ences degraded acceleration performance. 
[0006] Recently, it has been proposed to build an on- so 
board network that includes a controller for the internal 
combustion engine, a controllerforthe air conditioning 
system and other controllers (for example, a controller 
such as a computer for controlling the transmission). In 
the on-bbard network, communications between the 55 
controller for the internal combustion engine and the 
controller for the air conditioning system are performed 
using a common communication line, which is shared 
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with the other controllers. When a large amount of com- 
munication between controllers causes congestion on 
the communication line, a larger delay occurs from the 
time the controllerforthe internal combustion engine de- 
termines that the displacement limit control is required 
until the time the controller for the air conditioning sys- 
tem minimizes the discharge displacement of the com- 
pressor. 

BRIEF SUMMARY OF THE INVENTION 

[0007] It is an object of the present invention to pro- 
vide a vehicular air conditioning system that is capable 
of rapidly changing the discharge displacement in ac- 
cordance with the driving condition of an internal com- 
bustion engine. 

[0008] In order to attain the above objective, the 
present invention provides a vehicle air conditioning ap- 
paratus including a refrigerant circuit. The air condition- 
ing apparatus is driven by a power source of a vehicle. 
The aircdnditioning apparatus comprises a variable dis- 
placement compressor. An external information detec- 
tor detects external information used for the air condi- 
tioning of the vehicle. A first controller controls the out- 
put of the power source. A second controller is connect- 
ed to the first controller via a communication line. The 
second controller computes a target value of the dis- 
placement of the compressor based on the external in- 
formation. The second controller sends the computed 
target value to the first controller. The first controller con- 
trols the displacement of the compressor based on the 
computed target value. 

[0009] The present invention also provides a method 
for controlling a vehicle air conditioning apparatus in- 
cluding a refrigerant circuit. The air conditioning appa- 
ratus is driven by a power source of a vehicle. The meth- 
od includes controlling the output of the power source 
by a first controller, computing a target value of the dis- 
placement of a variable displacement compressor 
based on an external information used for the air condi- 
tioning of the vehicle by a second controller connected 
to the first controller via a communication line, sending 
the computed target value from the second controller to 
the first controller, and controlling the displacement of 
the compressor based on the computed target value by 
the first controller. 

[001 0] Other aspects and advantages of the invention 
will become apparent from the following description, tak- 
en in conjunction with the accompanying drawings, il- 
lustrating by way of example the principles of the inven- 
tion. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF 
THE DRAWINGS 

[0011] The invention, together with objects and ad- , 
vantages thereof, may best be understood by reference 
to the following description of the presently preferred 
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embodiments togetherwith the accompanying drawings 
in which: 

Fig. 1 shows a schematic diagram of a vehicle 
equipped with an airconditioner including a variable 
displacement compressor in a first embodiment of 
the present invention. 

Fig. 2 shows a block diagram illustrating a control 
system of the vehicle. 

Fig. 3 shows a flow chart illustrating an actual duty 
ratio decision routine used for controlling a control 
valve of the compressor. 

Fig. 4 shows a flow chart illustrating a target duty 
ratio calculation routine. 

Fig. 5 is a cross-sectional view illustrating a control 
valve in a second embodiment. 

Fig. 6 shows a schematic diagram corresponding 
to Fig. 1 in the second embodiment in which two 
pressure monitoring points are provided. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[001 2] A vehicular air conditioning system for a vehi- 
-cle according to the present invention will hereinafter be 
described with reference to Figs. 1 through 4. 
[0013] As illustrated in Fig. 1, a continuous belt-type 
variable transmission 103, for example, is located on a 
power transmission path from an internal combustion 
.. engine 101 to a set of wheels 102. Though not shown, 
. the continuous variable transmission 103 is coupled to 
a drive pulley of the internal combustion engine 1 01 and 
a driven pulley of the wheels 102 through a belt. The 
transmission is continuously performed by changing the 
effective diameters of the respective pulleys (wrapping 
diameters of the belt). The continuous variable trans- 
mission 103 is controlled by a controller 62 as shown in 
Fig. 2. 

[0014] The compressor 104 shown in Fig. 1 includes 
a cylinder block 1 , a front housing member 2 connected 
to the front end of the cylinder block 1 , and a rear hous- 
ing member 4 connected to the rear end of the cylinder 
block 1 . A valve plate 3 is located between the rear hous- 
ing member4 and the cylinder block 1 . The front housing 
member 2, the cylinder block 1 and the rear housing 
member 4 form a housing. The left side and the right 
side in Fig. 1 correspond to the front end and the rear 
end, respectively. 

[001 5] A crank chamber 5 is defined between the cyl- 
inder block 1 and the front housing member 2. A drive 
shaft 6 is supported in the crank chamber 5. A lug plate 
1 1 is fixed to the drive shaft 6 in the crank chamber 5 to 
rotate integrally with the drive shaft 6. 



[001 6] The front end of the drive shaft 6 is connected 
to an internal combustion engine 101 , through a power 
transmission mechanism PT. In this embodiment, the 
power transmission mechanism PT is a clutch less 
s mechanism that includes, for example, a belt and a pul- 
ley. Alternatively, the mechanism PT may be a clutch 
mechanism (for example, an electromagnetic clutch) 
that selectively transmits power in accordance with the 
value of an externally supplied current. 

io [001 7] A drive plate, which is a swash plate 1 2 in this 
embodiment, is accommodated in the crank chamber 5. 
The swash plate 12 slides along the drive shaft 6 and 
inclines with respect to the axis of the drive shaft 6. A 
hinge mechanism 13 is provided between the lug plate 

'5 11 and the swash plate 12. The swash plate 12 is cou- 
pled to the lug plate 1 1 and the drive shaft 6 through the 
hinge mechanism 13. The swash plate 12 rotates syn- 
chronously with the lug plate 11 and the drive shaft 6. 
[0018] Formed in the cylinder block 1 are cylinder 

20 bores 1a (only one is shown in Fig. 1 ) at constant angu- 
lar intervals around the drive shaft 6. Each cylinder bore 
1 a accommodates a single headed piston 20 such that 
the piston can reciprocate in the bore 1a. In each bore 
1a is a compression chamber, the displacement of 

25 which varies in accordance with the reciprocation of the 
piston 20. The front end of each piston 20 is connected 
to the periphery of the swash plate 12 through a pair of 
shoes 19. As a result, the rotation of the swash plate 12 
is converted into reciprocation of the pistons 20, and the 

30 strokes of the pistons 20 depend on the inclination angle 
of the swash plate 12. 

[001 9] The valve plate 3 and the rear housing member 
4 define, between them, a suction chamber 21 and a 
discharge chamber 22, which surrounds the suction 

35 chamber 21 . The valve plate 3 forms, for each cylinder 
bore 1 a, a suction port 23, a suction valve 24 for opening 
and closing the suction port 23, a discharge port 25, and 
a discharge valve 26 for opening and closing the dis- 
charge port 25. The suction chamber 21 communicates 

40 with each cylinder bore 1a through the corresponding 
suction port 23, and each cylinder bore 1a communi- 
cates with the discharge chamber 22 through the corre- 
sponding discharge port 25. 

[0020] When the piston 20 in a cylinder bore 1 a moves 
45 from its top dead center position to its bottom dead cent- 
er position, the refrigerant gas in the suction chamber 
21 flows into the cylinder bore 1a through the corre- 
sponding suction port 23 and the corresponding suction 
valve 24. When the piston 20 moves from its bottom 
50 dead center position toward its top dead center position, 
the refrigerant gas in the cylinder bore 1 a is compressed 
to a predetermined pressure, and it forces the corre- 
sponding discharge valve 26 to open. The refrigerant 
gas is then discharged through the corresponding dis- 
55 charge port 25 and the corresponding discharge valve 
26 into the discharge chamber 22. 
[0021 ] The inclination angle of the swash plate 1 2 (the 
angle between the swash plate 12 and a plane perpen- 
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dicular to the axis of the drive shaft 6) is determined on 
the basis of various moments such as the moment of 
rotation caused by the centrifugal force upon rotation of 
the swash plate, the moment of inertia based on the re- 
ciprocation of the piston 20, and a moment due to the 
gas pressure. The moment due to the gas pressure is 
based on the relationship between the pressure in the 
cylinder bores 1a and the crank pressure Pc. The mo- 
ment due to the gas pressure increases or decreases 
the inclination angle of the swash plate 1 2 in accordance 
with the crank pressure Pc. 

[0022] In this embodiment, the moment due to the gas 
pressure is changed by controlling the crank pressure 
Pc with a displacement control valve CV. The inclination 
angle of the swash plate 12 can be changed to an arbi- 
trary angle between the minimum inclination angle 
(shown by a solid line in Fig. 1) and the maximum incli- 
nation angle (shown by a broken line in Fig. 1). 
[0023] As shown in Figs. 1 and 2, a control mecha- 
nism for controlling the crank pressure Pc includes a 
bleed passage 27, a supply passage 28, and a control 
valve CV. The bleed passage 27 connects the suction 
chamber 21 and the crank chambers. The supply pas- 
sage 28 is for connecting the discharge chamber 22 and 
the crank chamber 5. The control valve CV is provided 
in the supply passage 28. 

[0024] As illustrated in Fig. 2, the control valve CV in- 
cludes an inlet valve portion and a solenoid portion 41 . 
A valve housing 42 of the inlet valve portion is formed 
with an inlet port 43, a valve chamber 44, a valve hole 
45 and an outlet port 46. The inlet port 43, valve cham- 
ber 44, valve hole 45 and outlet port 43 form part of a 
supply passage 28. The valve chamber 44 contains a 
valve body 47 arranged to move into contact with and 
away from the edge of the valve hole 45, and a first 
spring 48 which urges the valve body 47 in the direction 
In which the valve hole 45 is closed. 
[0025] The solenoid portion 41 includes a fixed iron 
core 49, a movable iron core 50, a coil 51 , which is lo- 
cated outside both iron cores 49, 50, and a second 
spring 52. A rod 53 is located between the movable iron 
core 50 and the valve body 47 f or transmitti ng force from 
the movable iron core 50 to the valve body 47. The sec- 
ond spring 52 has a force larger than that of the first 
spring 48. The second spring 52 urges the valve body 
47 through the movable iron core 50 and the rod 53 in 
a direction in which the valve hole 45 is opened. As the 
coil 51 is supplied with a current from the outside, an 
attracting electromagnetic force is generated between 
the iron cores 49, 50. This electromagnetic force acts in 
the direction opposite to the force of the second spring 
52. The current supplied to the coil 51 is controlled by 
adjusting a voltage applied to the coil 51 . In this embod- 
iment, duty control is employed for adjusting the applied 
voltage. 

[0026] As illustrated in Fig. 2, when the coil 51 is sup- 
plied, for example, with no current (duty ratio = 0 %), the 
upward force of the second spring 52 dominantly deter- 



mines the position of the valve body 47. Therefore, the 
valve body 47 is spaced furthest away from the valve 
hole 45, and the control valve CV is fully open. As a re- 
sult, the pressure Pc within the crank chamber 5 reach- 
5 es a maximum value, and the difference between the 
crank pressure Pc and the pressure within the cylinder 
bore 1 a is increased. This results in minimum inclination 
of the swash plate 12 and the discharge displacement 
of the compressor 104 is minimized. 
[0027] As the coil 51 is supplied with a current, the 
duty ratio of which is equal to or greater than a minimum 
duty ratio DtS(min) within the variable range of the duty 
ratio Dt (DtS(min)>0), the downward electromagnetic 
force exceeds the upward force of the second spring 52, 
which causes the valve body 47 to move downward. In 
this state, the downward force of the first spring 48 and 
the additional downward electromagnetic force act 
against the upward force of the second spring 52. In oth- 
er words, the position of the valve body 47 with respect 
to the valve hole 45, i.e., the opening degree of the con- 
trol valve CV, is determined based on the balance be- 
tween the downward forces exerted by the first spring 
48 and the electromagnetic force and the upward force 
exerted by the second spring 52. 
[0028] By adjusting the opening of the control valve 
CV in accordance with the electromagnetic force, the 
flow rate of gas flowing into the crank chamber 5 through 
the supply passage 28 is adjusted, and the crank pres- 
sure Pc is determined by the relationship between the 
flow rate of gas entering the crank chamber 5 and the 
flow rate of gas existing the crank chamber 5 (through 
the bleed passage 27). In response to a change in the 
crank pressure Pc, the difference between the crank 
pressure Pc and the pressure in the cylinder bore 1a is 
changed. As a result, the inclination of the swash plate 
12 is changed to adjust the stroke of the piston 20, i.e., 
the discharge displacement. 

[0029] As illustrated in Fig. 1, a refrigerant circuit of 
the vehicle air conditioner includes the compressor 1 04 
and an external refrigerant circuit 30. The external re- 
frigerant circuit 30 includes, for example, a condenser 
31 , an expansion valve 32 as a decompression device, 
and an evaporator 33. The position of the expansion 
valve 32 is controlled in a feedback manner based on 
the temperature detected by a temperature-sensitive 
sensor 34, which is located near the outlet of the evap- 
orator 33 or on the downstream side of the evaporator 
33, and the pressure near the outlet of the evaporator 
33. The expansion valve 32 supplies the evaporator 33 
with a liquid refrigerant corresponding to the thermal 
load on the air conditioner to adjust the amount of re- 
frigerant flowing through the external refrigerant circuit 
30. 

[0030] As illustrated in Fig. 2, the vehicle is equipped 
with an A/C-ECU 61 for controlling the air conditioning 
system (except for the control of the control valve CV); 
a CVT-ECU 62 for controlling the continuous variable 
transmission 103; and an E/G-ECU 63 for controlling the 
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internal combustion engine 101. Each of the ECUs 61 - 
63 is a control unit such as a computer which includes 
a CPU, a ROM, a RAM and an I/O interface. 
[0031] The respective ECUs 61 - 63 are interconnect- 
ed through a communication line 64. The communica- 
tion line 64 includes a main line 64a and an auxiliary line 
64b. Serial communication is performed between the re- 
spective ECUs 61 - 63. A representative protocol for 
such an on-board network is called Control Area Net- 
work (C-A-N). 

[0032] In the A/C-ECU 61 , I/O input terminals are con- 
nected to an A/C switch 65 (a switch manipulated by a 
passenger for turning the air conditioning system on or 
off); a temperature setting device 66 for setting a pre- 
ferred target temperature Te(set) in the passenger com- 
partment; a temperature sensor 67 for detecting a tem- 
perature Te(t) in the passenger compartment; a dis- 
charge pressure sensor 68 for detecting the pressure 
Pd in a discharge pressure region of the refrigerant cir- 
cuit; and a suction pressure sensor 69 for detecting the 
pressure Ps in a suction pressure region of the refriger- 
ant circuit. In this embodiment, the A/C switch 65, tem- 
perature setting device 66 and temperature sensor 67 
function as an external Information detector. In this em- 
bodiment, the ON/OFF state of the A/C switch 65, the 
temperature Te(t) detected by the temperature sensor 
67, and the target temperature Te(set) set by the tem- 
perature setting device 66, serve as external information 
for controlling the air conditioning. 
[0033] In the A/C-ECU 61, I/O output terminals are 
connected to a condenser fan 70 for cooling the con- 
denser 31 and an evaporator fan 71 for forming an air 
flow that passes through the evaporator 33 into the pas- 
senger compartment. In this embodiment, the condens- 
j er fan 70 and the evaporator fan 71 constitute air con- 
ditioning control components other than the compressor 
104. 

[0034] In the CVT-ECU 62, an I/O input terminal is 
connected to a vehicle speed sensor 73 for detecting 
the running speed V of the vehicle, and an I/O output 
terminal is connected to the continuous variable trans- 
mission 103. 

[0035] In the E/G ECU 63, I/O input terminals are con- 
nected to an acceleration position sensor 74 for detect- 
ing the position of the acceleration (the amount of de- 
pression of an accelerating pedal) Acc; an engine speed 
sensor 75 for detecting the rotational speed Ne of the 
internal combustion engine 101 ; and an intake air pres- 
sure sensor 76 for detecting the intake air pressure Pa 
of the internal combustion engine 101, respectively. In 
the E/G ECU 63, I/O output terminals are connected to 
an electronically controlled throttle valve mechanism 77 
located in the supply passage of the internal combustion 
engine 1 01 ; a fuel injector 78 for directly injecting a fuel 
into a combustion chamber of the internal combustion 
engine 101 ; and a drive circuit 79 for supplying current 
to the coil 51 of the control valve CV. 
[0036] The A/C ECU 61 determines the target duty ra- 



tio DtS, which is applied to the drive circuit 79, based on 
the ON/OFF state of the A/C switch 65, the temperature 
Te(t) detected by the temperature sensor 67, the target 
temperature Te(set) set by the temperature setting de- 

5 vice 66, and the actual duty ratio DtF received from the 
E/G-ECU 63. The A/C-ECU 61 transmits the determined 
target duty ratio DtS, the value of the discharge pressure 
Pd detected by the discharge pressure sensor 68, and 
the suction pressure Ps detected by the suction pres- 

10 sure sensor 69 to the E/G-ECU 63. In this embodiment, 
A/C-ECU 61 functions as a computer for calculating the 
target duty ratio Dts. 

[0037] The A/C-ECU 61 selectively starts and stops 
the condenser fan 70 and/or the evaporator fan 71 to 
is start or stop forced air through the condenser 31 and 
the evaporator 33, respectively, based on the ON/OFF 
state of the A/C switch 65, the temperature Te(t) detect- 
ed by the temperature sensor 67, the target temperature 
Te(set) set by the temperature setting device 66, the dis- 
charge pressure Pd detected by the discharge pressure 
sensor 68, the suction pressure Ps detected by the suc- 
tion pressure sensor 69; and the actual duty ratio DtF 
received from the E/G-ECU 63. 
[0038] The E/G-ECU 63 determines the actual duty 
ratio DtF based on the accelerator position Acc from the 
accelerator position sensor 74 and the target duty ratio 
DtS received from the A/C-ECU 61 . The E/G-ECU 63 
sends the determined actual duty ratio DtF to the drive 
circuit 79 and transmits the actual duty ratio DtF to the 
A/C-ECU 61 . The drive circuit 79 controls the current 
supplied to the coil 51 of the control valve CV in re- 
sponse to the actual duty ratio DtF. In this embodiment, 
the E/G-ECU 63 functions as a computer for controlling 
the engine. 

[0039] The E/G-ECU 63 calculates the required en- 
gine output torque based on the accelerator position Acc 
from the acceleration position sensor 74 and the rota- 
tional speed Ne from the engine speed sensor 75. Also, 
the E/G-ECU 63 estimates the driving torque of the com- 
pressor 1 04 based on the actual duty ratio DtF sent to 
the drive circuit 79 and the discharge pressure Pd and 
the suction pressure Ps received from the A/C-ECU 61 . 
The relationship among the driving torque of the com- 
pressor 104, the actual duty ratio DtF, the discharge 
pressure Pd and the suction pressure Ps is predeter- 
mined experimentally. Information representing this re- 
lationship (function) is previously stored in the E/G-ECU 
63. The information is used for estimating the driving 
torque of the compressor 1 04. 

[0040] The E/G-ECU 63 adds the driving torque of the 
compressor 1 04, a previously stored total driving torque 
of an auxiliary device or devices other than the compres- 
sor 104 (though not shown, for example, a hydraulic 
pump associated with a power steering device) and so 
on to the required output torque to calculate a target en- 
gine output torque Tr. The E/G-ECU 63 transmits the 
calculated target engine output torque Tr to the 
CVT-ECU 62. In accordance with the target engine out- 
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put torque Tr, a target throttle opening degree is deter- 
mined. The E/G-ECU 63 transmits the target throttle 
opening to the throttle valve mechanism 77. Thus, the 
throttle valve mechanism 77 adjusts the opening degree 
of the throttle valve, not shown, according to the target 
throttle opening. The amount of intake air to the internal 
combustion engine 101 is determined by the opening 
degree of the throttle valve. 

[0041] The E/G-ECU 63 calculates a target fuel injec- 
tion amount based on the value of the intake air pressure 
Pa, which is detected by the intake air pressure sensor 
76 and which correlates with the flow rate of intake air, 
and a previously stored stoichiometric air/fuel ratio. The 
E/G-ECU 63 transmits the target fuel injection amount 
to the fuel injector 78. Accordingly, the fuel injector 78 
injects the target amount of fuel corresponding to the 
stoichiometric air/fuel ratio into the combustion chamber 
of the internal combustion engine 101 in a suction 
stroke. 

[0042] The CVT-ECU 62 determines a target value of 
the rotational speed Ne of the internal combustion en- 
gine 1 01 . The rotational speed target value is based on 
the target engine output torque Tr and optimal fuel con- 
sumption. Further, the CVT-ECU 62 calculates a target 
transmission ratio based on the target value of the rota- 
tional speed Ne and the vehicle speed V detected by 
the vehicle speed sensor 73. The CVT-ECU 62 trans- 
mits the calculated target transmission ratio to the con- 
tinuous variable transmission 1 03. 
[0043] Accordingly, the continuous variable transmis- 
sion 1 03 adjusts, for example, a pulley ratio (effective 
diameter ratio) between the drive pulley and the driven 
pulley to the target transmission ratio. In this way; the 
rotational speed Ne of the internal combustion engine 
101 is adjusted to the target value. As a result, the in- 
ternal combustion engine 101 is driven in accordance 
with the engine output torque (Tr) and the rotational 
speed Ne and the optimal fuel consumption. 
[0044] In the following, a routine executed by the E/ 
G-ECU 63 for determining the actual duty ratio DtF and 
a routine executed by the A/C-ECU 61 for calculating 
the target duty ratio DtS will be described in detail. As 
an ignition switch (or a start switch) of the vehicle, not 
shown, is turned ON, each of the ECUs 61, 63 is sup- 
plied with a current to start an associated routine. 
[0045] As illustrated in Fig. 3, the E/G-ECU 63 deter- 
mines in S1 (Step 1 ), based on the external information, 
whether the vehicle and the compressor are in a dis- 
placement limit drive mode. The displacement limit drive 
mode is employed, for example, when a large load is 
applied on the internal combustion engine 101 such as 
when the vehicle is going up a hill or when the vehicle 
is accelerated such as when passing. When the opera- 
tor firmly depresses on the accelerator pedal to cause 
the acceleration position sensor 74 to detect an accel- 
erator position Acc equal to or larger than a predeter- 
mined value, the E/G-ECU 63 selects the displacement 
limit drive mode. 



[0046] When the vehicle is not in the displacement 
limit drive mode, the outcome of S1 is NO. Specifically, 
the E/G-ECU 63 determines that the vehicle is in a nor- 
mal drive mode, which permits as much power as is nec- 
5 essary to be allocated for driving the compressor 104. 
Next, in S2, the E/G-ECU 63 sets the target duty ratio 
DtS received from the A/C-ECU 61 as the actual duty 
ratio DtF, which is transmitted to the drive circuit 79. 
[0047] When the vehicle is in the displacement limit 
io drive mode, the outcome of S1 is YES. Next, in S3, the 
E/G-ECU 63 sets the actual duty ratio DtF to 0 %, ig- 
nores the target duty ratio DtS received from the A/ 
C-ECU 61 , and instructs the drive circuit 79 to stop sup- 
plying current to the coil 51 of the control valve CV. In 
1$ response, the opening of the control valve CV is in- 
creased to the maximum by the action of the second 
spring 52, which increases the crank pressure Pc. This 
minimizes the discharge displacement and load torque 
of the compressor 1 04 and reduces the load on the in- 
ternal combustion engine 101 during the displacement 
limit drive mode. As a result, hill-climbing performance 
and accelerating performance, for example, are im- 
proved. 

[0048] As shown in Fig. 4, the A/C-ECU 61 performs 
an initial settings in S1 1 . For example, the value of the 
target duty ratio DtS is set to 0% (no current supplied to 
the control valve). Next, the process performs to state 
monitoring and modification of the target duty ratio DtS, 
which are shown in S12 and subsequent steps. 
[0049] In S1 2, the A/C-ECU 61 monitors the ON/OFF 
state of the A/C switch 65 until this switch 65 is turned 
ON. When the A/C switch 65 is turned ON, the A/C-ECU 
61 sets the value of the target duty ratio DtS to the min- 
imum duty ratio DtS(min) in S13. In S14, the A/C-ECU 
61 determines whether the value of the actual duty ratio 
DtF received from the E/G-ECU 63 is 0%, i.e., whether 
the vehicle is in the displacement limit drive mode. 
[0050] When the outcome is YES In S14, the process 
returns to S13. Specifically, the target duty ratio DtS Is 
set to the minimum duty ratio DtS(min) until the vehicle 
is returned to the normal drive mode. This is because 
subtle modification to the value of the target duty ratio 
DtS, which is performed from S15 to S18, is meaning- 
less if the value of the actual duty ratio DtF is fixed to 
0% in the E/G-ECU 63. Also, if the value of the target 
duty ratio DtS were, for example, 100%, the actual duty 
ratio DtF would be suddenly changed from 0% to 1 00% 
when the vehicle Is released from the displacement limit 
drive mode. As a result, the discharge displacement and 
the driving torque of the compressor 1 04 would be sud- 
denly increased, which would cause a sudden decrease 
in the rotational speed of the internal combustion engine 
101. 

[0051] When the outcome of S1 4 is NO, i.e., when the 
vehicle is in the normal operating mode, S15 is per- 
formed. In S15, the A/C-ECU 61 determines whether or 
not the temperature Te(t) detected by the temperature 
sensor 67 is higher than the target temperature Te(set) 



25 



30 



35 



40 



45 



50 



6 




EP 1 



set by the temperature setting device 66. When the A/ 
C-ECU 61 determines that the outcome of S15 is NO, 
S16 is performed. In S16, the A/C-ECU 61 determines 
whether or not the detected temperature Te(t) is lower 
than the target temperature Te(set). 
[0052] When the outcome of S16 is NO, the temper- 
ature Te(t) matches the target temperature Te(set). 
Therefore, there is no need to change the duty ratio Dt, 
which would lead to a change in cooling performance. 
For this reason, S19 is performed without the A/C-ECU 
61 changing the value of the target duty ratio DtS that 
was transmitted to the E/G-ECU 63. 
[0053] When the outcome of S15 is YES, S17 is per- 
formed. When YES is the outcome in S1 5, it is estimated 
that the passenger compartment is hot and there is a 
large thermal load in the passenger compartment. In 

517, the A/C-ECU 61 increases the value of the target 
duty ratio DtS by a unit amount AD, and transmits the 
modified value (DtS+AD) to the E/G-ECU 63. Conse- 
quently, the modified value (DtS+AD) is sent from the E/ 
G-ECU 63 to the drive circuit 79 as a new actual duty 
ratio DtF. As a result, the opening of the control valve 
CV is slightly reduced, which increases the discharge 
displacement of the compressor 104, increases the heat 
removing performance of the evaporator 33, and lowers 
the temperature Te(t). 

[0054] When the outcome of S1 6 is YES, S18 is per- 
formed. When the outcome is YES in S1 6 , it is estimated 
that the passenger compartment is cold and there is a 
small thermal load in the passenger compartment. In 

51 8, the A/C-ECU 61 decreases the value of the target 
duty ratio DtS by the unit amount AD, and transmits the 
modified value (DtS-AD) to the E/G-ECU 63. Conse- 
quently, the modified value (DtS-AD) is sent from the E/ 
G-ECU 63 to the drive circuit 79 as a new actual duty 
ratio DtF. As a result, the opening of the control valve 
CV is slightly increased, which reduces the discharge 
displacement of the compressor 1 04, reduces the heat 
removing performance of the evaporator 33, and in- 
creases the temperature Te(t). 

[0055] In S19, the A/C-ECU 61 determines whether 
or not the A/C switch 65 is turned OFF. When the out- 
come is NO in S1 9, S1 4 is performed to repeat the fore- 
going steps. 

[0056] On the other hand, when the outcome is YES 
in S1 9, the processing returns to S1 1 to stop supplying 
the current to the coil 51 of the control valve CV. 
[0057] As described above, when the vehicle is in the 
normal driving mode, the target duty ratio DtS is modi- 
fied in S1 7 and/or S1 8 so that, even if the detected tem- 
perature Te(t) deviates from the target temperature Te 
(set), the target duty ratio DtS is gradually optimized to 
steer the temperature Te(t) to the target temperature Te 
(set). 

[0058] This embodiment has the following advantag- 
es. 

The E/G-ECU 63 directly controls the control valve 
CV, i.e., the discharge displacement of the compressor 
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104. Therefore, for example, during the displacement 
limit control for acceleration of the vehicle, the selection 
of the displacement limit control and the issuance of an 
instruction for minimizing the discharge displacement of 

5 the compressor 1 04 are processed by the E/G-ECU 63 
alone. Thus, the steps from the selection of the displace- 
ment limit drive mode of the vehicle to the minimization 
of the discharge displacement of the compressor 1 04 
are performed rapidly without being affected by the com- 

io munication speed on the on-board network or conges- 
tion on the network. As a result, the hill-climbing per- 
formance and accelerating performance of the vehicle 
are further improved. 

[0059] When the target engine output torque Tr is cal- 
ls culated for cooperatively controlling the internal com- 
bustion engine 101 and the continuous variable trans- 
mission 103, the E/G-ECU 63 can estimate the driving 
torque of the compressor 104 based on the actual duty 
ratio DtF of the current being sent to the drive circuit 79, 
20 j.e. , the control state of the compressor 1 04. Therefore, 
for example, as compared with the prior art, in which the 
A/C-ECU 61 directly controls the control valve CV, more 
specifically, the prior art in which the A/C-ECU 61 cal- 
culates the target duty ratio DtS and determines the val- 
25 ue of the actual duty ratio DtF, it is possible to prevent 
the degradation of real time performance due to the 
communication speed of transmitting the actual duty ra- 
tio DtF from the A/C-ECU 61 to the E/G-ECU 63. It is 
further possible to calculate in real time the current driv- 
30 ing torque of the compressor 1 04 and the current power 
requirement of the internal combustion engine 101 (tar- 
get engine output torque Tr). As a result, a highly accu- 
rate cooperative control is accomplished between the 
internal combustion engine 1 01 and the continuous var- 
35 iabfe transmission 1 03. This improves the fuel economy 
of the internal combustion engine 1 01 . 
[0060] For estimating the driving torque of the com- 
pressor 104, the E/G-ECU 63 also refers to the value of 
the discharge pressure Pd and the suction pressure Ps 
40 received from the A/C-ECU 61 . Since the values of the 
discharge pressure Pd and suction pressure Ps are re- 
ceived from the A/C-ECU 61 , a degradation in response 
performance is contemplated due to the communication 
speed or the like. However, the values of the discharge 
45 pressure Pd and suction pressure Ps slowly vary. There- 
fore, with a simple delay caused by the communication 
speed on the on-board network and congestion on the 
network, the values of the discharge pressure Pd and 
suction pressure Ps would hardly affect the estimation 
50 of the driving torque of the compressor 1 04. 

[0061 ] Next, a second embodiment of the present in- 
vention will be described with reference to Figs. 5 and 
6. This embodiment differs from the embodiment of 
Figs. 1 to 4 in the structure of the control valve CV. In 
55 this embodiment, differences between the first embod- 
iment and the second embodiment will only be de- 
scribed, while the same parts are designated the same 
reference numerals and a detailed description is omit- 
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ted. 

[0062] As illustrated in Fig. 5, a stick-shaped rod 81 
is located in a control valve CV. A solenoid portion 41 , 
which is a target differential pressure changing means, 
controls the rod 81 based on a supply current from the 5 
outside. The rod 81 includes a distal end 82, a coupling 
portion 83, a valve body 84 substantially at the center, 
and a guide portion 85. 

[0063] A valve housing 86 of the control valve CV in- 
cludes of a cap 86a, an upper half body 86b, which forms 10 
a main outer shell of an inlet valve portion, and a lower 
half body 86c, which forms a main outer shell of the so- 
lenoid portion 41 . A first port 97 is formed through the 
cap 86a. A second port 98 is formed through the upper 
half body 86b of the valve housing 86. The upper half 1$ 
body 86b is formed with a valve chamber 87 and a com- 
munication path 88. A pressure sensitive chamber 89 is 
defined between the upper half body 86b and the cap 
86a. 

[0064] The rod 81 is axial ly movably located within the 20 
valve chamber 87 and the communication path 88. The 
valve chamber 87 and the communication path 88 are 
selectively connected in accordance with the positioning 
of the rod 81 . The communication path 88 and the pres- 
sure sensitive chamber 89 are blocked by the distal end 25 
82 of the rod 81, which is fitted in the communication 
path 88. 

[0065] An upper end face of a fixed iron core 49 also 
serves as a bottom wail of the valve chamber 87. A port 
90 extending radially from the valve chamber 87 com- 30 
municates the valve chamber 87 to a discharge cham- 
ber 22 through an upstream portion of a supply passage 
28. A port 91 extending radially from the communication 
path 88 communicates the communication path 88 to 
the crank chamber 5 through a downstream portion of 35 
the supply passage 28. The port 90, valve chamber 87, 
communication path 88 and port 91 function as a control 
passage. The control passage forms part of the supply 
passage 28 which communicates the discharge cham- 
ber 22 to the crank chamber 5. 40 
[0066] The valve body 84 of the rod 81 is located in 
the valve chamber 87. The communication path 88 has 
an inner diameter larger than the outer diameter of the 
coupling portion 83 of the rod 81 , and smaller than the 
diameter of the guide portion 85. A valve seat 92 is 
formed in an opening of the communication path 88. 
[0067] As the rod 81 is moved from a position in Fig. 
5 (lowermost moving position) to an uppermost moving 
position at which the valve body 84 sits on the valve seat 
92, the communication path 88 is blocked by the valve so 
body 84. In other words, the valve body 84 functions as 
an inlet valve body that can selectively adjust an open- 
ing degree of the supply passage 28. 
[0068] A pressure sensitive member 93 in closed cy- 
lindrical form is axially movably located in the pressure ss 
sensitive chamber 89. The pressure sensitive member 
93 divides the pressure sensitive chamber 89 into a first 
pressure chamber 94 and a second pressure chamber 
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95. The first pressure chamber 94 and the second pres- 
sure chamber 95 are blocked by the pressure sensitive 
member 93. A first spring 96, which is a coil spring, is 
contained in the first pressure chamber 94. The first 
spring 96 urges the pressure sensitive member 93 to- 
ward the second pressure chamber 95. 
[0069] As a larger amount of refrigerant flows through 
a refrigerant circuit, the pressure loss per unit length of 
the circuit, or piping, is larger. Specifically, as shown in 
Fig. 6, a pressure loss (differential pressure) between 
two pressure monitoring points P1 , P2 defined in the re- 
frigerant circuit shows a positive correlation with the 
amount of refrigerant flowing through the circuit. There- 
fore, the amount of refrigerant flowing through the re- 
frigerant circuit is indirectly detected by finding a differ- 
ence PdH-PdL (hereinafter called the "two-point differ- 
ential pressure APd") between the pressure PdH at the 
first pressure monitoring point P1 and the pressure PdL 
at the second pressure monitoring point P2, which is 
downstream of the first pressure monitoring point P1 
and lower than the pressure PdH. 
[0070] In this embodiment, the first pressure monitor- 
ing point P1 is located in the discharge chamber 22, 
which is the location most upstream of a discharge pres- 
sure region, and the second pressure monitoring point 
P2 is located in a passage (passage connecting the dis- 
charge chamber 22 of a compressor 1 04 to a condenser 
31) a predetermined distance away from the first pres- 
sure monitoring point P1 . The gas pressure PdH at the 
first pressure monitoring point P1 is applied to the first 
pressure chamber 94 of the control valve CV through 
the first port 97 and a first pressure detecting passage 
35. The gas pressure PdL at the second pressure mon- 
itoring point P2 is applied to the second pressure cham- 
ber 95 through the second port 98 and a second pres- 
sure detecting passage 36. The second pressure de- 
tecting passage 36 is omitted in Fig. 6. 
[0071 ] The solenoid portion 41 includes a housing cyl- 
inder 99 in a closed cylindrical form. A fixed iron core 49 
is fitted in the housing cylinder 99. A solenoid chamber 
55 is defined in the housing cylinder 99 by this fitting. A 
movable iron core 50 is axially movable in the solenoid 
chamber 55. The fixed iron core 49 is formed with an 
axial guide hole 56. The guide portion 85 of the rod 81 
is fitted in the guide hole 56 and is permitted to more 
axially. 

[0072] The solenoid chamber 55 contains a proximal 
end of the rod 81 . More specifically, the lower end of the 
guide portion 85 is fitted into and fixed in a hole formed 
through the center of the movable iron core 50 in the 
solenoid chamber 55. Therefore, the movable iron core 
50 moves up and down integrally with the rod 81 at all 
times. 

[0073] A second spring 57, which is a coil spring, is 
contained between the fixed iron core 49 and the mov- 
able iron core 50 in the solenoid chamber 55. The sec- 
ond spring 57 urges the movable iron core 50 in a direc- 
tion in which the movable iron core 50 is moved away 
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from the fixed iron core 49, i.e., in the downward direc- 
tion. 

[0074] In the control valve CV of this embodiment, the 
position of the rod 81 , i.e., the valve opening degree, is 
determined in the following manner. The influence ex- 
erted by the pressure within the communication path 88 
and the solenoid chamber 55 to the positioning of the 
rod 81 is ignored. 

[0075] When the value of the actual duty ratio DtF is 
zero, downward forces f1+f2 of the first spring 96 and 
the second spring 57 dominantly act on the positioning 
of the rod 81 . Therefore, as illustrated in Fig. 5, the rod 
81 remains at the lowermost moving position, so that 
the valve body 84 fully opens the communication path 
88. Consequently, the crank pressure Pc is maximized, 
and the discharge displacement of the compressor 1 04 
is minimized. 

[0076] As the value of the actual duty ratio DtF sent 
by the E/G-ECU 63 to the drive circuit 79 is equal to or 
larger than the minimum duty ratio (DtS(min)), an up- 
ward electromagnetic force F between the fixed iron 
core 49 and the movable iron core 50 exceeds the down- 
ward forces f1+f2 of the first spring 96 and the second 
spring 57, causing the rod 81 to move upward. In this 
sate, the upward electromagnetic force F, which is coun- 
tered by the downward force f2 of the second spring 57 
acts against a downward force based on the two-point 
differential pressure APd, which is complementary to the 
downward force f 1 of the first spring 96. In other words, 
the valve body 84 of the rod 81 is positioned with respect 
to the valve seat 92 such that the upward electromag- 
netic force F, which is countered by the downward force 
f2 of the second spring 57, is balanced with the down- 
ward force based on the two-point differential pressure 
APd, which adds to the downward force f1 of the first 
spring 96. 

[0077] For example, as the rotational speed Ne of the 
internal combustion engine 101 becomes lower and 
causes a reduction in the amount of refrigerant flowing 
through the refrigerant circuit, the two-point differential 
pressure APd decreases, and the forces acting on the 
rod 81 are off balance. 

Therefore, the rod 81 is moved upward, which com- 
presses the first spring 96 and the second spring 57. As 
a result, the downward forces f1+f2 are increased. The 
valve body 84 of the rod 81 is positioned such that this 
increase compensates for the decrease of the force 
change resulting from the change in the two-point dif- 
ferential pressure APd. This reduces the opening de- 
gree of the communication path 88 and reduces the 
crank pressure Pc. Therefore, the difference in pressure 
between the crank pressure Pc and the pressure within 
the cylinder bore 1a decreases, which increases the in- 
clination angle of the swash plate 1 2. Consequently, the 
discharge displacement of the compressor 104 increas- 
es. As the discharge displacement of the compressor 
1 04 increases, the amount of refrigerant flowing through 
the refrigerant circuit also increases, which increases 



the two-point differential pressure APd. 
[0078] On the other hand, as the rotational speed Ne 
of the internal combustion engine 101 becomes higher 
to increase the amount of refrigerant flowing through the 
5 refrigerant circuit, the two-point differential pressure 
APd increases and the forces acting on the rod 81 are 
off balance. Therefore, the rod 81 is moved downward 
to position the valve body 84 of the rod 81 to a position 
at which a decrease in the downward forces f1+f2 by 

10 the first spring 96 and the second spring 57 compen- 
sates for the increase in force corresponding to the two- 
point differential pressure APd. This reduces the open- 
ing degree of the communication path 88 and increases 
the crank pressure Pc. Therefore, the difference in pres- 

15 sure between the crank pressure Pc and the pressure 
within the cylinder bore 1 a increases, which reduces the 
inclination angle of the swash plate 12. Consequently, 
the discharge displacement of the compressor 1 04 de- 
creases. As the discharge displacement of the compres- 

20 sor 104 is reduced, the amount of refrigerant flowing 
through the refrigerant circuit is also reduced and the 
two-point differential pressure APd decreases. 
[0079] Also, as the electromagnetic force F is in- 
creased, for example, by increasing the actual duty ratio 

25 DtF sent by the E/G-ECU 63 to the drive circuit 79, the 
forces acting on the rod 81 are off balance. Therefore, 
the rod 81 is moved upward to compress the first spring 
96 and the second spring 57. 

Thus, the valve body 84 of the rod 81 is positioned such 
30 that an increase in the downward forces f1+f2 of the 
springs 57, 96 compensates for the increase in upward 
electromagnetic force F. This reduces the opening de- 
gree of the control valve CV, i.e., the size of the commu- 
nication path 88, and increases the discharge displace- 
35 ment of the compressor 1 04. As the discharge displace- 
ment of the compressor 104 is increased, the amount 
of refrigerant flowing through the refrigerant circuit is al- 
so increased and the two-point differential pressure APd 
increases. 

40 [0080] On the other hand, as the E/G-ECU 63 reduces 
the actual duty ratio DtF to reduce the electromagnetic 
force F, the forces acting on the rod 81 become out of 
balance. Therefore, the rod 81 is moved downward. 
Thus, the valve body 84 of the rod 81 is set at a position 

45 at which a decrease in the downward forces f1+f2 of 
both springs 57, 96 compensates for the decrease in the 
upward electromagnetic force F. This increases the 
opening degree of the communication path 88 and de- 
creases in the discharge displacement of the compres- 

50 sor 1 04. As the discharge displacement of the compres- 
sor 104 is reduced, the amount of refrigerant flowing 
through the refrigerant circuit is also reduced and the 
two-point differential pressure APd decreases. 
[0081 ] As described above, the control valve CV in- 

55 ternally and automatically positions the rod 81 in re- 
sponse to variations in the two-point differential pres- 
sure APd to maintain a target value of the two-point dif- 
ferential pressure APd, which is determined by the ac- 



9 




EP1 179 



tual duty ratio DtF. As the E/G-ECU 63 changes the val- 
ue of the actual duty ratio DtF sent to the drive circuit 9, 
the target value is changed. 

[0082] This embodiment has the following advantag- 
es in addition to the advantages provided by the embod- 5 
iment of Figs. 1 through 4. 

[0083] The control valve CV is configured to internally 
and automatically maintain a differential pressure deter- 
mined by the actual duty ratio DtF. Therefore, for exam- 
ple, even if the rotational speed Ne of the internal com- 10 
bustion engine 101 varies, it is possible to maintain the 
amount of refrigerant flowing through the refrigerant cir- 
cuit constant and maintain the temperature Te(t) at the 
target temperature Te(set) without changing the target 
duty ratio DtS. It is therefore possible to prevent frequent 15 
changes to the target duty ratio DtS and reduce opera- 
tional loads on the A/C-ECU 61 and E/G-ECU 63. 
[0084] Some conventional control valves change a 
target suction pressure. This type of control valve me- 
chanically detects a suction pressure Ps and changes 20 
the discharge displacement of the compressor 104 to 
cancel variations in the detected suction pressure Ps. 
The use of such a control valve CV does not depart from 
the spirit of the present invention. 

[0085] Even in an air conditioning system that in- 25 
eludes a control valve that changes a target suction 
pressure, the current suction pressure Ps can always 
be maintained at a lower value compared with the target 
suction pressure by setting the target suction pressure 
to be higher than the normal target suction pressure dur- 30 
ing the displacement limit control for the vehicle. There- 
fore, the compressor 1 04 is gu ided in a direction in which 
the suction pressure Ps is increased, i.e., in a direction 
in which the discharge displacement is minimized, 
thereby reducing the load on the internal combustion en- 35 
gine 101. 

[0086] However, when the evaporator 33 is burdened 
with an excessive thermal load, the suction pressure Ps 
is so high that even if the target suction pressure is set 
sufficiently high, the discharge displacement of the com- 40 
pressor 1 04 will not decrease enough to reduce the load 
on the internal combustion engine 101 . In other words, 
if the control process relies on the suction pressure Ps, 
even if the target suction pressure is simply modified to 
a high value, the discharge displacement cannot be im- 45 
mediately changed, unless the thermal load on the 
evaporator 33 changes in response to the modification 
of the target suction pressure. 

[0087] In this embodiment, however, the feedback 
control of the discharge displacement of the compressor so 
104 is implemented using, as a directly controlled pa- 
rameter, the differential pressure APd between two 
pressure monitoring points P1 , P2 in the refrigerant cir- 
cuit. Therefore, during the displacement limit control for 
the vehicle, the discharge displacement of the compres- 55 
sor 1 04 can be rapidly minimized without being affected 
by the thermal load on the evaporator 33. As a result, 
the hill-climbing performance and accelerating perform- 
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ance of the vehicle is improved. 

[0088] The amount of refrigerant flowing through the 
refrigerant circuit is reflected in the actual duty ratio DtF 
for controlling the control valve CV. The driving torque 
of the compressor 104 is most largely reflected in the 
amount of refrigerant flowing through the refrigerant cir- 
cuit. Therefore, the E/G-ECU 63 can accurately esti- 
mate the driving torque of the compressor 1 04 by refer- 
ring to the actual duty ratio DtF. As a result, it is possible 
to more accurately perform the cooperative control of 
the internal combustion engine 1 01 and the continuous 
variable transmission 1 03. From a different point of view, 
the use of the control valve CV of this embodiment al- 
lows the driving torque of the compressor 1 04 to be es- 
timated from the actual duty ratio DtF, for example, with- 
out using the discharge pressure Pd and the suction 
pressure Ps. It is therefore possible to eliminate the ex- 
pensive discharge pressure sensor 68 and suction pres- 
sure sensor 69. 

[0089] The present invention may be modified as fol- 
lows. 

In the respective embodiments, the E/G-ECU 63 
may refer to the temperature of the suction chamber 21 
instead of the suction pressure Ps when it estimates the 
driving torque of the compressor 1 04. In other words, a 
temperature sensor, which is less expensive than the 
suction pressure sensor 69, may be used. 
[0090] In the embodiment of Figs. 1 through 4, the A/ 
C-ECU 61 may additionally refer to the discharge pres- 
sure Pd and the suction pressure Ps when it calculates 
the target duty ratio DtS. 

[0091] In the respective embodiments described 
above, the A/C-ECU 61 may refer to the duration of sun- 
shine in the passenger compartment, the temperature 
on the surface of the evaporator 33, the temperature of 
air that has passed through the evaporator 33, and the 
like when it calculates the target duty ratio DtS. 
[0092] The E/G-ECU 63 may determine, based on the 
rotational speed Ne of the internal combustion engine 
101, whether or not the vehicle is in the displacement 
limit drive mode. In this case, the displacement limit driv- 
ing mode is determined when the rotational speed Ne 
is equal to or higher than a predetermined rotational 
speed. 

[0093] The E/G-CPU 63 may determine based on the 
vehicle speed V received from the CVT-ECU 62 whether 
or not the vehicle is in the displacement limit driving 
mode. In this case, the displacement limit driving mode 
is determined when the vehicle speed V is equal to or 
higher than a predetermined vehicle speed. 
[0094] The E/G-ECU 63 may detect the temperature 
of cooling water for cool ing the internal combustion en- 
gine 101 to determine based on the temperature of the 
cooling water whether or not the vehicle is in the dis- 
placement limit driving mode. In this case, the displace- 
ment limit driving mode is determined when the cooling 
water temperature is equal to or higher than a predeter- 
mined temperature. A temperature sensor for detecting 
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the temperature of the cooling water may be connected 
to the A/C-ECU 61 orto the E/G-ECU 63. When the tem- 
perature sensor is connected to the A/C-ECU 61 , infor- 
mation on the cooling water temperature is transmitted 
from the A/C-ECU 61 to the E/G-ECU 63. 
[0095] The control valve CV may be a so-called drain- 
side control valve for adjusting the crank pressure Pc by 
adjusting the opening degree of the bleed passage 27. 
[0096] In the embodiment of Figs. 5 and 6, the first 
pressure monitoring point P1 may be located in a suc- 
tion pressure region between the evaporator 33 and the 
suction chamber 21 , and the second pressure monitor- 
ing point P2 may be located at downstream of the first 
pressure monitoring point P1 in the same suction pres- 
sure region. 

[0097] In the embodiment of Figs. 5 and 6, the first 
pressure monitoring point P1 may be located in a dis- 
charge pressure region between the discharge chamber 
22 and the condenser 31 , and the second pressure 
monitoring point P2 is located in a suction pressure re- 
gion between the evaporator 33 and the suction cham- 
ber 21. 

[0098] In the embodiment of Figs. 5 and 6, the first 
pressure monitoring point P1 may be located In the dis- 
charge pressure region between the discharge chamber 
22 and the condenser 31 , and the second pressure 
monitoring point P2 may be located in the crank cham- 
ber 5. Alternatively, the first pressure monitoring point 
P1 may be located in the crank chamber 5, and the sec- 
ond pressure monitoring point P2 may be located in the 
suction pressure region between the evaporator 33 and 
the suction chamber 21. In essence, the respective 
pressure monitoring points P1 , P2 are not limited to the 
location in a high pressure region or a low pressure re- 
gion of the refrigerant passage. For example, the pres- 
sure monitoring points P1, P2 may be located in a re- 
frigerant passage for controlling the displacement, po- 
sitioned as a sub-circuit of the refrigerant circuit, i.e., in 
the crank chamber 5 as an intermediate pressure region 
within the supply passage 28, crank chamber 5 and 
bleed passage 27. 

[0099] The present invention may be applied to a con- 
trol valve of a type that changes a target discharge pres- 
sure. This control valve mechanically detects a dis- 
charge pressure Pd, and changes the discharge dis- 
placement of the compressor 104 so as to cancel vari- 
ations in the detected discharge pressure Pd. 
[0100] The present invention may be embodied in a 
vehicular air conditioning system which is equipped with 
a wobble type variable displacement compressor. 
[0101] The E/G-ECU 63 may directfy control an air 
conditioning control component other than the compres- 
sor 104 (the condenser fan 70 and the evaporator fan 
71 illustrated in Fig. 2) in the air conditioning system. 
[0102] Other than the continuous variable transmis- 
sion, a vehicle control component except for a running 
power source and an air conditioner may be, for exam- 
ple, ABS (anti-lock brake system) and so on. A computer 



for controlling the ABS may be added to the on-board 
network as a node. 

[01 03] The running power source for the vehicle may 
be an electric motor, or a hybrid type source which uses 
5 a combination of an internal combustion engine and an 
electric motor. 

[01 04] it should be apparent to those skilled in the art 
that the present invention may be embodied in many 
other specific forms without departing from the spirit or 
io scope of the invention. Particularly, it should be under- 
stood that the invention may be embodied in the follow- 
ing forms. 

[0105] Therefore, the present examples and embod- 
iments are to be considered as illustrative and not re- 
's strictive and the invention is not to be limited to the de- 
tails given herein, but may be modified within the scope 
and equivalence of the appended claims. 
[0106] A vehicle air conditioning apparatus includes 
a refrigerant circuit (30). The air conditioning apparatus 
20 is driven by an engine (1 01 ). The air conditioning appa- 
ratus includes a variable displacement compressor 
(104). An external information detector (65, 66, 67, 68, 
69) detects external information used for the air condi- 
tioning. An E/G-ECU (63) controls the output of the pow- 
25 er source. An A/C-ECU (61) is connected to the E/ 
G-ECU (63) via a communication line (64). The N 
C-ECU (61) computes a target value of the displace- 
ment of the compressor based on the external informa- 
tion. The A/C-ECU (61) sends the computed target val- 
30 ue to the E/G-ECU (63). The E/G-ECU (63) controls the 
displacement of the compressor based on the computed 
target value. This is capable of rapidly changing the dis- 
charge displacement in accordance with the driving con- 
dition of the engine (101). 
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Claims 

1 . A vehicle air conditioning apparatus including a re- 
frigerant circuit (30), wherein the air conditioning 
apparatus is driven by a power source (101) of a 
vehicle, the air conditioning apparatus comprising: 

a variable displacement compressor (1 04); 
an external information detector (65, 66, 67, 68, 
69) for detecting external information used for 
controlling the air conditioning apparatus; 
a first controller (63) for controlling the output 
of the power source (101); the air conditioning 
apparatus being 

characterized by: 

a second controller (61) connected to the first 
controller (63) via a communication line (64), 
wherein the second controller (61) computes a tar- 
get value of the displacement of the compressor 
(104) based on the external information, wherein 
the second controller (61) sends the computed tar- 
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get value to the first controller (63), and the first con- 
troller (63) controls the displacement of the com- 
pressor (1 04) based on the computed target value. 

2. The apparatus according to claim 1 , characterized 
in that the first controller (63) judges whether the 
vehicle is in a displacement limiting drive mode, and 
if the vehicle is in the displacement limiting drive 
mode, the first controller (63) minimizes the dis- 
placement of the compressor (104). 

3. The apparatus according to claim 2, characterized 
in that an acceleration position sensor (74) is con- 
nected to the first controller (63), wherein the sensor 
(74) detects the degree of depression of an accel- 
erator, wherein the first controller (63) judges 
whether the vehicle is the displacement limiting 
drive mode based on at least the accelerator de- 
pression degree detected by the sensor 

4. The apparatus according to any one of claims 1 to 
3, characterized in that the first controller (63) es- 
timates a driving torque of the compressor (104) 
based on the displacement of the compressor (1 04) 
and controls the output of the power source (101) 
based on the driving torque. 

5. The apparatus according to any one of claims 1 to 
4 further being characterized by a fan (70, 71 ) used 
for the air conditioning, wherein the second control- 
ler (61) controls the fan (70, 71) based on the ex- 
ternal information detected by the external informa- 
tion detector (65, 66, 67, 68, 69). 



chanically detecting the pressure difference be- 
tween two pressure monitoring points, which 
are located in the refrigerant circuit (30) , where- 
in the pressure sensing mechanism (93) moves 

5 the valve body (84) such that the displacement 

is varied to counter changes of the detected 
pressure difference, wherein the first controller 
(63) adjusts a force applied to the pressure 
sensing mechanism (93) to determine a target 

io value of the pressure difference. 

8. The apparatus according to any one of claims 1 to 
7, characterized in that the communication line is 
a serial communication line (64), wherein the serial 

is communication line (64) transmits information be- 
tween the first controller (63) and the second con- 
troller (61). 

9. The apparatus according to claim 8 further being 
20 characterized by a third controller (62) for control- 
ling a vehicle control apparatus, which is connected 
to the vehicle, wherein the first controller (63), the 
second controller (61) and the third controller (62) 
are connected to each other with the serial commu- 

25 nication line (64). 

10. A method for controlling a vehicle air conditioning 
apparatus including a refrigerant circuit (30), where- 
in the air conditioning apparatus is driven by a pow- 

30 er source (101) of a vehicle, the method includes 
controlling the output of the power source (101) by 
a first controller (63), the method being character- 
ized by: 



6. The apparatus according to any one of claims 1 to 35 
5, characterized in that the compressor (1 04) has 

a drive plate (12), a crank chamber (5), which ac- 
commodates the drive plate (12), and a control 
valve (CV), which controls the pressure in the crank 
chamber (5), wherein the first controller (63) con- 40 
trols the control valve (CV) to vary the inclination of 
the drive plate (12) in accordance with the pressure 
in the crank chamber (5) to vary the displacement 
of the compressor (1 04). 

45 

7. The apparatus according to claim 6, wherein the re- 
frigerant circuit (30) has a discharge pressure zone 
and a suction pressure zone, wherein the compres- 
sor (104) has a supply passage (28), which con- 
nects the crank chamber (5) to the discharge pres- so 
sure zone, and a bleed passage (27), which con- 
nects the crank chamber (5) to the suction pressure 
zone, the control valve comprising: 

a valve body (84) for adjusting the opening of 55 
the supply passage (28) or the bleed passage 
(27); 

a pressure sensing mechanism (93) for me- 



computing a target value of the displacement 
of a variable displacement compressor (104) 
based on an external information used for con- 
trolling the air conditioning apparatus by a sec- 
ond controller (61 ) connected to the first con- 
troller (63) via a communication line (64); 
sending the computed target value from the 
second controller (61 ) to the first controller (63); 
and 

controlling the displacement of the compressor 
(104) based on the computed target value by 
the first controller (63). 
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Fig. 3 
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Fig. 4 
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Fig. 5 
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